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Method and Compositions for Selectively Inhibiting 
Amplification of Sequences in a Population of Nucleic 
Acid Molecules 

5 

Field of the Invention 

The invention relates to methods and compositions for selectively inhibiting 
1 0 amplification of undesired sequences in a population of nucleic acid molecules. 

Background of the Invention 

Approximately 10,000-20,000 genes are believed to be expressed within living 
cells, depending upon the specific cell type. RNAs corresponding to different genes 

15 can be present in different levels in cells. For example, transcripts from as few as 10- 
15 genes may represent 10-15% of cellular mRNA by mass. In addition to these highly 
abundant transcripts, another 1000-2000 genes encode moderately abundant transcripts, 
which can account for up to 50% of cellular mRNA mass. Transcripts from the 
remaining genes fall into the low abundance class. 

20 Because many genes are identified by isolating complementary DNA (cDNA) 

corresponding to an RNA sequence, a significant problem can arise because of 
differences in the levels at which specific RNAs are present in cell types. The most 
abundant sequences can be repeatedly sampled, while the lowest abundance class may 
be rarely, if ever, sampled. 

25 Several normalization and subtractive hybridization protocols have been 

developed to help overcome this problem. These techniques can be technically difficult 
to perform, and they can fail to detect cDNAs corresponding to rare transcripts. 
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Summary of the Invention 

The invention is based in part on the discovery of a method for easily and 
inhibiting the amplification of repetitive nucleic acid sequences in a population of 
5 nucleic acids. 

The invention features a method of selectively inhibiting amplification of a 
target nucleic acid in a population of nucleic acid molecules. The method includes 
providing a population of nucleic acid molecules and contacting the population of 
nucleic acid molecules with at least one blocking primer to form an annealed blocking 

1 0 primer- template complex that includes the blocking primer and a complementary 
target sequence in the population of nucleic acid molecules. The blocking primer 
cannot be extended with a polymerase. 

An extendable primer is also contacted with the population of nucleic acid 
molecules under conditions that allow for formation of an annealed extendable primer- 

1 5 template complex. The extendable-primer template complex with a polymerase. 
However, the polymerase does not extend the extended blocking primer template 
complex. Thus, amplification of the target nucleic acid can be selectively inhibited. 

Unless otherwise defined, all technical and scientific terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which this 

20 invention belongs. Although methods and materials similar or equivalent to those 
described herein can be used in the practice or testing of the invention, suitable 
methods and materials are described below. All publications, patent applications, 
patents, and other references mentioned herein are incorporated by reference in their 
entirety. In the case of conflict, the present specification, including definitions, will 

25 control. In addition, the materials, methods, and examples are illustrative only and not 
intended to be limiting. 

Other features and advantages of the invention will be apparent from the 
following detailed description and claims. 
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Brief Description of the Drawings 

FIG. 1 is a schematic illustration comparing the structure of a peptide nucleic 
acid (PNA) and a deoxyribonucleic acid (DNA) molecule. 

5 FIG. 2 is a schematic illustration showing the alignment of the PNA 

oligonucleotides and restriction fragments of ISGF-3B cDNA. 

FIG. 3 is a representation of a graph showing the amounts of amplified sequence 
(y-axis) as a function of the size of the sequence product (x-axis) in the presence of 
various amounts of PNA oligomers. 

10 

Detailed Description of the Invention 

Amplification of a specific nucleic acid in a population has been inhibited by 
including a non-extendable blocking primer in the amplification. The non-extendible 
blocking primer hybridizes to the target nucleic acid but is not extended by a 

1 5 polymerase. The blocking primers described herein can also be used to inhibit 
replication and/or transcription of desired RNA sequences. 

A preferred blocking primer is a peptide nucleic acid (PNA) oligomers. PNA 
oligomers are analogs of DNA in which the phosphate backbone is replaced with a 
peptide-like backbone. The structure of PNAS and conventional nucleic acids are 

20 shown schematically in FIG. 1 . The achiral backbone of a the PNA oligomer is made 
from N-(2-aminoethyl)-glycine units linked by amide bonds. The backbone is 
uncharged. The four standard monomers A, C, G, and T are attached to the backbone 
by methylene carbonyl linkages (where B = base). The synthesis of PNA oligomers 
can be performed using standard solid phase peptide synthesis protocols as described in 

25 Hyrup, et al, 1996. Bioorg. Med. Chem. 4: 5-23, and Perry-O'Keefe, et ai, 1996. Proc. 
Natl. Acad: Sci. USA93: 14670-14675. 

PNAs have been shown to bind to their complementary nucleic acid sequences 
with greatly improved affinity and specificity compared to DNA. In addition, the 
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thermal stability of a PNA/DNA or PNA/RNA duplex is essentially independent of the 
salt concentration in the hybridization solution, and can be used under low-salt 
conditions that cause the target nucleic acid sequence to unwind. Because PNA 
oligomers lack a phosphate backbone, PNA-oligomers also block the extension of 

5 cDNA synthesis mediated by reverse transcriptase, and thus inhibit the first strand 
cDNA synthesis from the respective mRNA. 

The blocking primers can be used to selectively inhibit amplification of a target 
nucleic acid in a population of nucleic acids by annealing the blocking primer to a 
target nucleic acid in the population of nucleic acids. Annealing of the blocking primer 

10 to the template results in formation of a double-stranded blocking primer- template 
complex that includes the blocking primer and the region of the target nucleic acid to 
which the blocking primer is bound. 

An extendable primer is also annealed to the population of nucleic acids to form 
an annealed extendable primer-template complex. By extendable primer is meant that 

1 5 the nucleotides can be incorporated onto the end of the annealed primer in the presence 
of a polymerase, nucleotide triphosphates, and other cofactors. Because the blocking 
primer is not extendable, the polymerase does not extend extended blocking primer 
template complex. Thus, amplification of the target sequence hybridizing to the 
blocking primer can be selectively inhibited. 

20 The particular target sequence whose amplification is amplified is determined by 

the binding specificity of the blocking primer. Thus, any desired sequence can be 
selectively inhibited, as long as it is possible to design a blocking primer that binds 
specifically to the target sequence. In some embodiments, the target nucleic acid is 
present at relatively high copy number in the population of nucleic acids. For example 

25 the blocking primer can be designed to hybridize to moderately or highly abundant 
transcripts. Alternatively, or in addition, the blocking primer can be designed to 
hybridize to a sequence whose amplification is otherwise not desired, e.g., because it 
has been previously characterized. 
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In various embodiments, the blocking primer is between 8 and 50 nucleotides in 
length, e.g., the blocking primer is between about 10 and 30 nucleotides or 13 and 30 
nucleotides in length. 

The blocking primer can be provided at a concentration of about 50 
5 picomoles/^i 1 to about 700 picomoles/ji 1, e.g., the blocking primer can be provided at a 
concentration of about 100 picomoles/u 1 to about 500 picomoles/p 1 or about 
250picomoles/|i 1 to about 350 picomoles/u 1. 

In preferred embodiments, more than one blocking primer is used. In some 
embodiments, the blocking primer anneals to a region of a target nucleic acid that is 
10 physically linked to the binding region of a first blocking primer. For example, 
multiple blocking primers can be designed to anneal to a specific RNA molecule. 
Preferably, one or more of the blocking primers anneal to a region complementary to 
the 3' and of the RNA molecule. 

In other embodiments, an additional blocking primer is designed to anneal to a 
15 target nucleic acid that corresponds to the 5' region of the second strand synthesized in 
a mRNA to cDNA based amplification. For example, inhibition of a specific mRNA 
may be desired. The first blocking primer anneals to a sequence near the 3' end of the 
mRNA molecule. The second blocking primer anneals to a sequence that binds to a 
sequence homologous to the 5' end of the RNA. 

20 In preferred embodiments, the blocking primer anneals to a target sequence near 

the end (e.g., the 3' end) of a nucleic acid molecule. 

While the blocking primer or primers of the invention can be used in 
conjunction with a single extendable primer, in some embodiments multiple extendable 
primers can be used. 

25 Any desired population can be used as the source of the population of nucleic 

acid molecules. Thus, the nucleic acid can be a genomic DNA, a cDNA, or an mRNA 
(such as polyA+ RNA). When RNA is used it can be derived from, e.g., a plant, a 
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single-celled animal, a multi-cellular animal, a bacterium, a virus, a fungus, or a yeast. 
If desired, the RNA can also be partitioned prior to use with a blocking primer 

When poly A+ containing RNA is used, a preferred blocking primer is one that 
includes at its 5' terminus an oligo dT sequence, and at its 3' terminus a sequence that 

5 is specific for a polyA+-containing RNA of interest. 

In general, any nucleic acid polymerase that can extend the annealed extendable 
primer. Suitable polymerases include, e.g., DNA-dependent DNA polymerases, RNA- 
dependent DNA polymerases (reverse transcriptases), DNA-dependent RNA 
polymerases, and RNA-dependent RNA polymerases. 

1 0 Examples of DNA-dependent DNA polymerases include, e.g. , the DNA 

polymerase from Bacillus stearothermophilus (Bst), the E. coli DNA polymerase I 
Klenow fragment, the bacteriophage T4 and T7 DNA polymerases, and those from 
Thermus aquaticus (Taq), Pyrococcus furiosis (Pfu), and Thermococcus litoralis 
(Vent). The Bst DNA polymerase has been shown to efficiently incorporate 3'-0- 

1 5 (-2-Nitrobenzyl)-dATP into a growing DNA chain, is highly processive, very stable, 
and lacks 3 '-5' exonuclease activity. The coding sequence of this enzyme has been 
determined. See U.S. Patent Nos. 5,830,714 and 5,814,506, incorporated herein by 
reference. 

Examples of reverse transcriptases include, e.g., reverse transcriptase from 
20 Avian Myeloblastosis Virus (AMV), Moloney Murine Leukemia Virus, and Human 
Immunodeficiency Virus- 1 (HIV-1). HTV-l reverse transcriptase is particularly 
preferred because it is well characterized both structurally and biochemically. See, e.g., 
Huang, et ai, Science 282: 1669-1675 (1998). 

A suitable DNA-dependent RNA polymerase can be used when an RNA product 
25 is desired. Preferred examples of these en2ymes include, e.g., RNA polymerase from 
E. coli [Yin, et al, Science 270: 1653-1657 (1995)] and RNA polymerases from the 
bacteriophages T7, T3, and SP6. Alternatively, a modified T7 RNA polymerase 
functions as a DNA dependent DNA polymerase. 
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Suitable RNA-dependent RNA polymerases include, e.g., RNA-dependent RNA 
polymerases from the viral families: bromoviruses, tobamoviruses, tombusvirus, 
leviviruses, hepatitis C-like viruses, and picornaviruses. See, e.g., Huang et al, Science 
282: 1668-1675 (1998); Lohmann et al, J. Virol. 71: 8416-8428 (1997); Lohmann et 
5 al, Virology 249: 1 08- 1 1 8 (1 998), and O'Reilly and Kao, Virology 252: 287-303 
(1998). 

The invention will be further illustrated in the following non-limiting examples. 



10 Example 1: Inhibition of cDNA synthesis using PNA oligonucleotides 

To demonstrate inhibition of cDNA synthesis using PNA oligonucleotides, PNA 
oligomers specific for transcription factor ISGF-3B mRNA were synthesized. The 
synthesized included a 15-mer at position 1 16-130 for sense for the sense strand and a 
15 16 mer at position 241-256 for the antisense stand. The PNA oligonucleotides were 
used to inhibit the first strand cDNA synthesis of poly A+ mRNA isolated from human 
MG-63 cells. 

The two biotinylated 15-mer PNA-oligomers were purchased from PE 
Biosystems (PE Biosystems, 500 Old Connecticut Path, Framingham, MA 01701). The 

20 sequence of the sense PNA-oligomer was CAG TCT TGG CAC CTA (SEQ ID NO:l) 
(position 1 16-130), and antisense PNA-oligomer CTG GTG AAC CTG CTC (SEQ ID 
NO:2) (position 241-256). The concentrations were adjusted to 100 pmoles/pl with 
ddH20 and stored in aliquots at -20°C until used. 

To isolate polyA+ RNA, human MG-63 cells were lysed, and total cellular 

25 mRNA was isolated according using a trizol lysate procedure (Life Technologies, 
Rockville, MD), except that the genomic DNA digestion step using DNAse was 
omitted. After quantitation using a GeneQuant photometer, total RNA was processed 
directly for poly A+ isolation using a CPG-Strepavidin mRNA isolation kit (CPG, Inc., 
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Lincoln Park, NJ). The estimated yield of total RNA from 6 T150 flasks of MG-63 
cells was 580 p.g. Poly A+ was stored in aliquots at -20°C in 70% ethanol until used. 

To perform cDNA synthesis in the presence of PNA poisoning primers, two 
aliquots of poly A+ mRNA (from -230 pg total RNA) were precipitated, pooled and 
5 dissolved in 24 pi oligo-dT solution (100 pmoles/ ul), and distributed equally into 1 2 
well strips of PCR thin wall tubes. PNAs (100 pmoles/ pi) and DEPC-H2O were added 
according to following table: 



Sample DEPC-H2O Antisense PNA Sense PNA 

10 land2 10 pi Opl Opl 

3and4 8 pi 1 pi 1 pi 

5and6 6 pi 2 pi 2 pi 

7and8 4 pi 3 ul 3 pi 

15 9 and 10 2 pi 4 pi 4 pi 

11 and 12 Opl 5 pi 5 pi 



Samples were heated to 70°C in a thermocycler for 10 min and transferred to an 
ice bath for 2 min. Subsequent steps and second-strand synthesis were performed 

20 essentially as described in Gubler et al., Gene 25:263,1983. Quantitation of cDNA 
yield was performed using PicoGreen fluorometry. Final cDNA concentration of all 
samples was adjusted to 1 ng/ pi with TE buffer and stored at -20°C until used. 

Quantitative Expression Analysis (QEA) reactions as described in US Patent No. 
5,871,697 and in Shimkets at al. Nat Biotechnol. 1999 Aug;17(8):798-803 were 

25 prepared for sequences named as follows: dOhl (172 nt), dOpO (71 nt), dOyO (370 nt), 
mlsO (267 nt), sOcO (104 nt), sOxl (253 nt), yOhO (141 nt) and lOmO (349.8 nt). FIG.2 
shows the location of the PNA oligomers on the ISGF-3B cDNA construct (denoted as 
"PNA002" and "PNA001"). Also shown are sequence fragments denoted lOmO- 
349.8 and dOyo-70 from this region. 
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A mixture of both sense and antisense IGSF-3B PNA-oligomers dose dependently and 
specifically inhibited the first strand cDNA synthesis of the IGSF-3B gene. The inhibitory 
effect on amplification of the 10m0-349.8 and dOyO fragments is shown in FIGS. 3A and 3B. 
The figures show that as increasing amounts of the PNA oligomers were added, the size of the 
5 peak corresponding to 1 OmO 349.8 (FIG. 3A) or dOyO 370 (FIG. 3B) decreased. Since the 
PNAs were designed to inhibit the subsequence lOmO 349.8 which is located at the 5' end of 
ISGF-3B gene, the most complete inhibition was observed for this subsequence . The reverse 
transcription of downstream fragments appeared unaffected. This suggests that the PNA 
oligomers specifically inhibit amplification of nucleic acid sequences. 
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What is claimed is: 

1 . A method of selectively inhibiting amplification of a target nucleic 
acid in a population of nucleic acid molecules, the method comprising 

providing a population of nucleic acid molecules; 

contacting said population of nucleic acid molecules with at least one first 
blocking primer to form an annealed blocking primer- template complex, 
wherein said first blocking primer is complementary to a target nucleic acid in 
said population of nucleic acid molecules; 

contacting said population with at least one extendable primer to form an 
annealed extendable primer-template complex; 

and 

extending said annealed extendable-primer template complex with a 
polymerase, wherein said polymerase does not extend said extended blocking 
primer template complex, 

thereby selectively inhibiting amplification of said target nucleic acid. 

2 . The method of claim 1 , wherein said target nucleic acid is present 
at high copy number in the population of nucleic acid molecules. 

3. The method of claim 1, wherein said blocking primer is a peptide- 
nucleic acid. 

4. The method of claim 3, wherein said blocking primer is between 8 
and 50 nucleotides in length. 

10 
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5 . The method of claim 3 , wherein said blocking primer is between 
about 10 and 30 nucleotides in length. 

6. The method of claim 3, wherein said blocking primer is between 
13 and 20 nucleotides in length. 

7. The method of claim 3 , wherein said blocking primer is provided 
at a concentration of about 50 picomoles/u 1 to about 700 picomoles/p 1. 

8. The method of claim 3, wherein said blocking primer is provided 
at a concentration of about 100 picomoles/u 1 to about 500 picomoles/u 1. 

9. The method of claim 3, wherein said blocking primer is provided 
at a concentration of about 250 picomoles/u 1 to about 350 picomoles/p. 1. 

1 0. The method of claim 1 , further comprising contacting the 
population of nucleic acid molecules with a second blocking primer. 

1 1 The method of claim 1 , further comprising contacting the 
population of nucleic acid molecules with a second extendable primer. 

12. The method of claim 1, wherein said population of nucleic acid 
molecules is RNA. 
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13. The method of claim 12, wherein said population of RNA 
molecules is polyA+ RNA. 

14. The method of claim 1 , wherein the first extendable primer 
comprises a 3' terminal oligo dT sequence, 

15. The method of claim 1 , wherein said polymerase is an RNA 
directed DNA polymerase. 

16. The method of claim 1 , further comprising contacting said 
population of nucleic acid molecules with a second blocking primer. 

17. The method of claim 1 6, further comprising contacting said 
population of nucleic acid molecules with third blocking primer.. 

18. A method of selectively inhibiting amplification of a target nucleic 
acid in a population of RNA molecules, the method comprising 

providing a population of RNA molecules; 

contacting said population of nucleic acid molecules with a blocking 
primer; 

contacting said population with an extendable primer comprising 
extendable 3' terminal oligo dT sequence to form an annealed extendable 
primer-template complex; 

and 
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extending said extendable primer complex with a RNA-directed DNA 
polymerase, wherein said polymerase does not extend said extended blocking 
primer template complex, 

thereby selectively inhibiting amplification of said target nucleic acid. 

19. The method of claim 18, wherein said blocking primer is a peptide 
nucleic acid. 

20. The method of claim 1 8, further comprising a second blocking 
primer. 
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A nucleic acid analysis method com- 
prises: using a primer to amplify the nu- 
cleic acid; providing an array of probes, 
each probe comprising a sequence identical 
to the primer and an adjacent sequence; ap- 
plying fragements of the amplifier nucleic 
acid under hybridisation conditions to the 
array; effecting enzymatic chain extension 
of any probe where the adjacent sequence 
matches that of a hybridised fragment of die 
amplified nucleic acid; and observing the 
location of probes of the array while chain 
extension has taken place. 
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NUCLEIC ACID ANALYSIS METHOD 

5 Background 

This invention concerns the characterisation, classification, 
identification and typing of different DNA containing organisms such as 
plants, animals, bacteria and their viruses. 

The science of detecting genomic polymorphisms is quickly 
10 evolving, and several techniques have been developed to compare the 
genomes of different organisms. These techniques utilise the whole 
genome or segments thereof for comparison purposes and are often 
referred to as DNA fingerprinting techniques. The main application fields 
for these techniques are gene mapping, detection of bacterial strain 
15 diversity, population analysis, epidemiology, gene expression and the 
demonstration of phylogenetic and taxonomic relationships. 

In the application areas of bacterial identification and typing, 
pulsed-field gel electrophoresis, random amplified polymorphic DNA 
(RAPD) and DNA sequencing of different genes are frequently discussed 
20 as methods of the future, compared to traditional methods based on 

biochemical and growth properties. The drawback with all these and other 
suggested DNA fingerprinting methods is the use of electrophoresis. This 
is because electrophoresis is a laborious separation technology and the 
time from start to finish is long, ranging from 30 minutes up to more than 20 
• 25 hours for pulsed-field gel electrophoresis, followed by both detection of the 
DNA and analysis of the results. 

Since ribosomes are present in all living organisms, and the 
ribosomes contain three kinds of rRNA (in bacteria 5 S, 16 S, and 23 S), 
DNA sequencing of the corresponding genes is frequently used for 
30 characterisation, identification and taxonomy relations of bacteria, fungi and 
other organisms. The most widely used of the ribosomal genes is 
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16 S rDNA. The DNA sequences of these genes contain well-defined 
segments of different evolutionary variability regions, which in the 
16 S rRNA molecule are referred to as universal, semi-conserved and 
variable regions. Oligonucleotide primers complementary to universal 

5 regions can be used for amplification of ribosomal RNA from any organism 
or bacteria, the generated ribosomal fragment being then sequenced. In a 
computer search against a database with all known ribosomal sequences 
the species can be assigned. 

Random amplified polymorphic DNA (RAPD) is a process for 

10 detecting polymorphisms on the basis of nucleotide differences and is 
covered by US patent 5,126,239 of Livak ef a/, 1992. RAPD analysis is 
one of the most sensitive, reproducible and efficient methods currently 
available in the research field for distinguishing different strains and 
isolates of a species. RAPD analysis is a technique that uses a single 

15 short oligonucleotide primer of arbitrary sequence in a low stringency 
amplification reaction (Welsh J and McClelland M, 1990, Nucleic Acids 
Research, 18 (24), 7213-7218; Williams J G et a/ (1990) Nucleic Acids 
Research, 18, 6531-6535). The generated DNA fragments are 
subsequently analysed by gel electrophoresis. Analysis can either be done 

20 automatically on line with an automated DNA sequencer or on any 
electrophoresis gel and stained with ethidium bromide or silver. 

In arrayed primer extension techniques (APEX), primers 
which have hybridised with a template, having a free 3 -end and having a 
free hydroxyl group, can be extended with free dNTPs and a DNA 

25 polymerase. If ddNTPs or other chain terminators are added to the mixture 
the elongation will terminate at that point. A similar method to this was 
developed for mutation detection (WO 91/13075). The authors used a 
PCR template bound to wells of a microtitre plate, and the primers were 
added for extension after binding to the template. 

30 Further development of this method was carried out where 

consecutive primers overlapping each other by one base were bound to a 
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support in the form of an array (also called a DNA chip). These were 
bound to the surface by the 5'-end, so that the 3'-end was free for 
elongation after addition of template, ddNTP and a polymerase. The chain 
terminating molecules were labelled, with any type of chromophore, 
5 fluorophore, isotope or antibody reactive reagent. This technique is 
described in WO 95/00669. 

The Invention 

The present invention combines features of random amplified 
10 polymorphic DNA (RAPD) and of arrayed primer extension (APEX), 
techniques, so as to avoid the difficulty and delay of gel electrophoresis. 

In one aspect, the invention provides a nucleic acid analysis 
method which comprises:- 

a) using a primer to amplify the nucleic acid, 

15 b) providing an array of probes in which each probe comprises a 

primer sequence that is identical to (or complementary to) the sequence of 
the primer, and an adjacent sequence which is different in each probe of 
the array, 

c) applying the amplified nucleic acid from a) under hybridisation 
20 conditions to the array of b), 

d) effecting enzymatic chain extension of any probe where the 
adjacent sequence matches that of the hybridised amplified nucleic acid, 
and 

e) observing the location of probes of the array where chain 
' 25 extension has taken place in d). 

The nucleic acid to be analysed may be genomic DNA or 
RNA e.g. mRNA of an organism such as a plant, animal, bacteria or virus. 
The method is expected to be useful for applications where RAPD analysis 
is currently used, including gene mapping, detection of strain diversity, 
30 population analysis, epidemiology, the demonstration of phylogenetic and 
taxonomic relationships, and gene expression studies. 
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ln step a) the nucleic acid to be analysed is amplified using a 
single primer (or possibly several primers) in a low stringency amplification 
reaction e.g. by PCR. This primer is a chain of units capable of hybridising 
in a substantially sequence-specific manner to a suitable chain of the 
nucleic acid to be analysed; to form a hybrid in which the primer chain is 
capable of enzymatic chain extension. The primer is composed of units 
which are either nucleotides or nucleotide analogues. 

Generally speaking, a nucleotide analogue is a compound 
which is capable of being incorporated in a chain of nucleotide residues; 
and which is capable of hybridising in a more or less base-specific manner 
with a base of a complementary nucleic acid chain; and which may be a 
substrate for chain-extending enzymes. A nucleotide analogue may be a 
nucleotide modified: in the base, e.g. so as to affect base-pairing 
properties; and/or in the sugar or backbone moiety, e.g. as in ddNTPs and 
in the amide linked backbones of PNA; and/or in the phosphate moiety. 

For the primers for this invention, peptide nucleic acids are of 
interest. Preferably however the primer is an oligonucleotide. The primer 
preferably has from 7-40 residues. Usually a short primer with 8-10 
residues is used, but primers with up to 20 or 40 residues are also possible. 
After amplification, all amplimers will have the same sequence at both 
ends, the length of that sequence depending on the primer. 

In many techniques where amplification is involved, there is a 
need for standardised reagent supply. For this purpose it may be 
convenient to use Ready-To-Go™ (RTG) RAPD beads marketed by 
Amersham Pharmacia Biotech which provide the reagents for the 
reactions. The RTG RAPD beads contain thermostable polymerases, 
dNTPs, BSA and buffer for a 25 nl reaction. 

Preferably the amplified nucleic acid is broken into fragments. 
Fragmentation is preferred because only small fragments may have access 
to a probe bound on a solid support. In the examples below, two different 
approaches have been used, restriction enzymes and the enzyme uracil- 
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DNA-glycosylase (UDGase). To use UDGase, dUTP must be added to the 
amplification mix. UDGase activity is blocked by a UDGase inhibitor. 
Other enzymatic, chemical and physical methods of breaking the amplified 
nucleic acid are known and may be used. 
5 An important feature of this invention is the use of an array of 

immobilised probes. These are herein called probes, although they also 
act as primers for chain extension. Each immobilised probe comprises a 
primer sequence that is identical to (or complementary to) the sequence of 
the primer used in a). Each probe also comprises an adjacent sequence, 

10 generally of 1 - 8 nucleotide (or nucleotide analogue) residues. The 

adjacent sequence of each probe of the array is different from that of every 
other probe of the array. Preferably the array consists of a complete set of 
probes having adjacent sequences of a particular length, that is to say: 
four probes where each adjacent sequence is 1 nucleotide residue; or 16 

is probes where each adjacent sequence is 2 nucleotide residues; or 64 
probes where each adjacent sequence is 3 nucleotide residues; or 4" 
probes where each adjacent sequence is n nucleotide residues. 

Preferably the adjacent sequence is positioned at the 3'-end 
of the primer sequence of the probe. Preferably the probe is tethered to a 

20 support through the 5'-terminal residue of the primer sequence, either 
covalently or by means of strong binding agents such as the streptavidin- 
biotin system. 

In step c), the fragments of the amplified nucleic acid from a) 
are applied under hybridisation conditions to the array. Because all probes 
' 25 of the array include a primer sequence complementary to the primer- 
derived sequence of the amplified nucleic acid, hybridisation takes place at 
every probe location of the array. 

In step d) template-directed chain extension of probes of the 
array is effected. Preferably this chain extension is performed using a 
30 polymerase nzyme together with a supply of nucleotides or nucleotide 
analogues. Under these circumstances, chain extension only takes place 
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where the nucleotide residues at the 3'-end of the probe accurately match 
those of the hybridised nucleic acid fragment. 

For this purpose a nucleotide analogue may have a base 
analogue that is degenerate, by having the ability to base pair with two or 

5 three of the natural bases, or universal, by forming base pairs with each of 
the natural bases without discrimination. Also, chain-terminating ddNTPs 
may be used as nucleotide analogues, and are preferred. 

Nucleotides or nucleotide analogues for addition during the 
chain extension step may be labelled for ease of detection. The nature of 

10 the label is not material to the invention. Examples are radioisotopes, 
fluorescent moieties, haptens, and components of chromogenic or 
chemiluminescent enzyme systems. Preferably the four ddNTPs are used, 
each labelled with a different fluorescent or other label, so that the four 
different signals can be read simultaneously. 

15 Step e) of the method involves observing the location of 

probes of the array when chain extension has taken place in d). This 
observation can be made by standard means using the one or more labels 
added during chain extension. The result is a pattern which is 
characteristic of the nucleic acid being analysed. 

20 In another aspect the invention provides a nucleic acid 

analysis kit comprising: 

i) a primer for amplifying a nucleic acid. 

ii) an array of probes in which each probe comprises a primer 
sequence that is identical to (or complementary to) the sequence of the 

' 25 primer, and an adjacent sequence which is different in each probe of the 
array, 

iii) and reagents for effecting enzymatic chain extension 
of nucleic acid hybrids. 
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Description of th ord red arrangement of an array of ligonucl otid 
probes. 

An oligonucleotide primer typically has 7 to 40 nucleotides; for 
example with 10 nucleotides: 5'-NNNNNNNNNN-3'-OH. Oligonucleotide 
probes generally comprise oligonucleotide primers and an additional 1-8 
bases; for example with 2 additional bases a total of 16 (4 2 ) probes are 
needed: 



NNNNNNNNNNAA 
NNNNNNNNNNAC 
NNNNNNNNNNAG 
NNNNNNNNNNAT 



NNNNNNNNNNCA 
NNNNNNNNNNCC 
NNNNNNNNNNCG 
NNNNNNNNNNCT 



NNNNNNNNNNGA 
NNNNNNNNNNGC 
NNNNNNNNNNGG 
NNNNNNNNNNGT 



NNNNNNNNNNTA 
NNNNNNNNNNTC 
NNNNNNNNNNTG 
NNNNNNNNNNTT 



for 3 additional bases 4 3 = 64 probes are needed, etc. up to 4 8 « 65.000. 

After hybridisation and extension of an array of 64 probes, 
two different patterns can look like this; 




which:- 



Reference is directed to the accompanying drawings, in 
Figure 1 illustrates the principle of the invention. A template 
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DNA fragment has a 10-mer oligonucleotide primer at its 3' end. An 
oligonucleotide probe has been immobilised on a surface of a support 
through a T 12 anchor joined at the 5"-end of (the complement of) the 10-mer 
oligonucleotide primer sequence. The oligonucleotide probe carries at its 
3'-end a random 3-mer extension, in this case TCA. 

The template DNA fragment has hybridised to the 
oligonucleotide probe. By chance the sequence of the template DNA 
(AGT) complements the 3-mer extension at the 3'-end of the 
oligonucleotide probe. As a result, template-directed chain extension of the 
oligonucleotide probe has taken place, and a total of seven nucleotides (N) 
or labelled nucleotide analogues (*) have been added to its 3'-end. 

Figure 2 is a corresponding diagram showing an array of 
oligonucleotide probes, together with three fragments of template DNA 
where hybridisation and chain extension have taken place. 

Figure 3 shows bacterial genotyping data obtained in 
Example 1 on two different strains of £ coli using three different primers. 

Figure 4 shows TIRF data obtained on six different strains of 
Listeria in Example 3. For each strain, the upper four panels show images 
obtained with four different labelled ddNTPs; and the lower panels show 
the data expressed graphically (capital letters are strong signals, lower 
case letters are weak signals). 

Figure 5 comprises four dendograms and contains a 
comparison between strong and weak assigned spots from the images. 
Primer 2 was compared with primer 6 amplified Listeria DNA in 
combination with two polymerase enzymes. 

In the examples below, the acronym RAPX is used to denote 
the method of the present invention comprising a combination of the 
random amplified polymorphic DNA (RAPD) and arrayed primer extension 
(APEX) techniques. 
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EXAMPLES 

The first example shows the invention method performed in 
microtitre plates (MTP) with both fluorescein labelled dCTP and anti- 
fluorescein antibodies and detected by using para-nitrophenyl phosphate 
5 (pNpp). Two different bacterial DNA were used in order to show that 
different patterns could be generated. 

The second example shows the method performed on a 
microscope slide with one of the bacterial DNA as template. 

Fragmentation is an important step because only small 
10 fragments will have access to the bound primer on the solid support. For 
this step two different approaches were used, restriction enzyme cleavage 
and using the enzyme Uracil-DNA-glycosylase (UDGase). To use 
UDGase, dUTP must be added to the amplification mix. UDGase activity is 
blocked by a UDGase inhibitor. 
15 The whole procedure consists of the following steps: 

RAPD amplification 

Digestion/Fragmentation 

Purification and quantification 

Array setup on chip or MTP 
20 Hybridisation and chain extension 

Detection of reacted products 

Example 1 

Genomic DNA was purified from E.coli strains according to 
• 25 standard protocols. Test DNA from Pharmacia Biotech RTG™ RAPD kit 
was used. 

RAPD amplification: 

Each DNA was amplified generally according to the 
30 manufacturer's protocol and with the RTG RAPD beads. One reaction 
contained 25 pmol primer, 10 ng bacterial DNA and water to 25 ul. 
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Primers: Primer 2: GGTGCGGGAA 

Primer 6: CCCGTCAGCA 

Primer 1283: GCGATCCCCA 
Escherichia coli strains: BL21 and C1a 

When large quantities of RAPD templates are needed several 
batches of the same sample were amplified, following the prescribed RAPD 
protocol. 



Number of Cycles Temp Time 

1 cycle 50°C 8 minutes 

1 cycle 95°C 3 minutes 

45 cycles 95°C 1 minute 

36°C 1 minute 

72°C 2 minutes 

1 cycje 35°C 30 minutes 



Five microlitre of material from each tube were tested on a 
polyacrylamide gel. 

Digestion 

The generated RAPD products were fragmented according to 
two different methods, restriction enzyme cleavage or using the enzyme 
UDGase. 

Cleavage with Restriction Enzymes 

The RAPD product (DNA) was cleaved with Alu1 and Hha1 . 

Ingredient 1 Tube 

Sterile water 240^1 

Restriction Buffer 40 nl 

Alu1 Enzyme (3.5) 25^1 (75 units) 
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RAPD product (DNA) 
TOTAL 



95 mI 
400 ^il 



Incubate tubes for 1 hour in a 37°C oven. 



5 



Place 100 \i\ of the following master mix in each tube: 



Ingredient 
Sterile water 



15 ill 
60 M l 



1Tube 



Restriction Buffer 



10 



Hha1 Enzyme (3.6) 
TOTAL 



25 u.l (75 units) 
400 



Incubate for 2 hours in a 37°C oven. 

After cleavage 5 ul was tested on a polyacrylamide gel. 

15 

Cleavage with UDGasfi 

Bacterial DNA was amplified with an addition of 80 mM dUTP 
before treatment with UDGase and UDGase inhibitor (UDI). 



20 bacterial DNA, 80 mM dUTP (Pharmacia Biotech), water to 25 jxl and one 
RTG RAPD bead, with the same amplification conditions as above. 

UDGase treatment set up: 
25 uJ RAPD DNA 
25 6.25 \i\ UDGase (1 U/ul New England Biolabs) 
6.25 \i\ 1 0x UDGase mix 
25 ul water 

Incubate at 37°C for 24 min. 
Add 6.25 id UDI 

30 Incubate at, at least 75°C, for 1 0 minutes and test on polyacrylamide gel. 



One RAPD reaction contained 25 pmol primer, 10 ng 
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Purificatjon and quantification 

Cleaved RAPD products were concentrated with a Centricon- 
10 Concentrator. The concentrated DNA was then filtered through an 
Amicon EZ filter to remove excess of primers, free nucleotides and 
5 enzymes. 

Finally, the DNA concentration was measured using Optical 
Density at 260nm and 280nm using spectrophotometer and calculate the 
volume to get 2.5 ng DNA for the hybridisation and extension reactions. 

10 Preparation of array plates 

Three sets of 64 oligonucleotides with primer sequences from 
primers 2, 6 and 1283 extended with all possible combinations of three 
additional nucleotides (nt), giving them a total length of 13 nt, were bound 
to microtitre plate wells. 

15 

Reactions in wells 

RAPD DNA template (2.5 ug) was added to each well and 
heated to boiling temperature for 3 minutes. 



Order 


Component 


Volume- 1 well 


20 1 


water 


79.2 ul 


2 


5x TSP buffer 


20 ul 


3 


Deoxy Mix 


0.1 ul 


4 


FI-dCTP (.5 mmol) 


0.2 ul 


5 


Tba Polymerase 


0.5 ul 


25 


Total 


100 tii 



Tba Polymerase is a DNA polymerase from the bacterium 
Thermococcus barmssi. 

After adding the reaction mix, incubate at 72°C for 45 minutes 
30 in a large oven. 
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5X Thermostable Polymerase Reaction Buffer (TSP) 


Comoonpnt 


Vol urns 


[Final] 


1MTris-HCI, pH 9.5 


10 ul 


100 mM 


1MMgS0 4 


5 |il 


50mM 


10% Triton X-1 00 


25 nl 


2.5% 


Milli Q™ water 


60 nl 






100 ul 





Mix. Sterile filter. Store at room temperature. 



dNTP (Deoxy) Mix (dA, dG, & dT) 



Component 


Volume 


[Final] 


100 mMdATP 


5^1 


1mM 


100 mM dGTP 


5^1 


1mM 


100 mM dTTP 


5^1 


1mM 


Milli Q™ water 


485^1 
500^1 





Store at -20°C. 
Detection of reaction products 

In order to enhance the signal, anti-fluorescein antibodies 
labelled with alkaline phosphatase were used. Before detection of the 
reaction, each well was blocked with a buffer containing bovine serum 
albumin. One hundred microlitre of anti-fluorescein antibody solution was 
pipetted in to each well and incubated 60 minutes at room temperature. 
The microtitre plate was washed several times before para-nitrophenyl 
phosphate reagent was added and a yellow colour was developed at room 
temperature. 

The yellow signal output read from each well is a quantitative 
measure on the amount of the RAPD fragment for that particular RAPD- 
extended probe. All data from the reader (Spectra Max 3000) was used for 
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generation of a graph for each organism, Figure 3. 

This is a set of overlaid duplicate optical density readings. 
Signals have been determined by high values that have consistently shown 
up through four experiments that have compared these two strains of 
5 bacteria. 

In the centre is a bar code that represents signals for the two 

strains. 

Example 2 

io This experiment was performed to show that the method of 

the invention also works when the array of oligonucleotide probes is on a 
glass surface. For this purpose, silanised glass slides were procured and 
three sets of the three oligonucleotide probe families of Example 1 (3 x 64 
= 1 92 probes) were synthesised to have amino-linked 5' -modified ends. 
1 5 These oligonucleotide probes were spotted on to the silanised surface of 
the glass slide, the experiment being performed in triplicate. Border 
controls (self-extending oligonucleotides capable of A, G, T or C addition) 
were spotted in a pattern that surrounded each of the four spotted grids. 

Nucleic acid template material was prepared, as described in 
20 Example 1 , starting from genomic DNA of the E.coli strain BL21 . Template 
material was validated by running samples on polyacrylamide gel and 
staining with ethidium bromide. It was found that the material digested with 
the mixture of frequent cutting enzymes (Alu1 and Hha1) seem to average 
about 250 bp in size (50 - 500 bp range). 
25 Hybridisation and extension reactions were performed 

generally as described in Example 1. The extension reaction mix was: 
13.5 nl RAPD DNA fragments (2 pmol) 
1 nl 17.5x Thermosequenase DNA polymerase buffer 
1 \i\ unlabelleddNTPs (50 mM) 
30 1 u.l Cy5-ddCTP (50 mM) 

1 \i\ Thermosequenase DNA polymerase (5U/jil) 
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Incubate at 65°C during 20 minutes. The Cy5-ddCTP was a 
sulphonated cyanine dye dideoxy nucleotide marketed by Dupont. Control 
reactions were first performed in order to ensure the presence of correctly 
spotted oligonucleotides and validate a successful enzyme reaction. In the 

5 presence of polymerase enzyme without any template, only the border 
controls appeared. The addition of three different oligonucleotides that 
would specifically hybridise to one of each of the primer families, resulted in 
the detection of the appropriate spots in the array. These control 
experiments demonstrated the ability to perform specific reactions on the 

10 microscope slide surface. 

Template nucleic acid material (prepared as described in 
Example 1) that represents sequence information of the bacterial genome 
BL21 was then applied to the oligonucleotide probe array. Using a total 
internal reflection detection system, a specific pattern of signals was seen 

15 for template material from the BL21 source. 

Example 3 

Amplification: 

• Bacterial DNA: E. coli BL21 and E. coli C1 a strains are from 
20 the Amersham Pharmacia Biotech RTG RAPD kit. Six Listeria 

monocytogenes strains are Listeria monocytogenes; serotype 1, serotype 
2, serotype 4a, serotype 4b, ATCC 15313 and ATCC 35152. 

• Primers: Primer 2, 6 are from the Amersham Pharmacia 
Biotech RTG RAPD kit and primer 1283 is from Berg etal. 

25 • Amplification reagents: RAPD RTG beads from the 

Amersham Pharmacia Biotech RTG RAPD kit. 

• All samples were spiked with one microliter 2.5 mM dUTP 
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Enzymes for frggmftntati on Pf RAPD products: 

• Shrimp alkaline phosphatase (SAP)1 U/ul APB. 

• Uracil-DNA-glycosylase, (if from PE UDG = UNG) 1 U/ul NE 
Biolabs 

5 SAP will degrade (dephosphorylate) all free dNTPs and UDG 

will remove all dll from the DNA and after heating the strands will be 
broken at these points. This step is applicable to any DNA fragment. 

Primers for spotting- 
io All 1 92 primers were 25-mers with an amino-activated 5'-end. 

The general sequence for the primers is 

5'-NH 4 -TTT TTTTTT TTT - P - N1N2N3 - 3', where P is the primer 

sequence from Primer 2, Primer 6 or Primer 1283; and N1.3 is A, C, G or T. 

For the arrangements of the primers see below, 
is In Primer 2 set up P = GTTTC GCTCC, Primer 6 set up 

P = CCCGT CAGCA, and in Primer 1283 set up P = GCGAT CCCCA. 



N 
















A is a self extended primer that only extends with A; 
C is a self extended primer that only extends with C; 
G is a self extended primer that only extends with G; 
T is a self extended pnmer that only extends with T; 
N is a mix of A, C. G, and T, self extending primers. 

Cy2, Cy3 and Cy5 are pre-labelled primers with 
respectively dye. ( Can also be self extended in some 
cases.) 


T„P. 
TGA 


TAA 


GGA 




T^- 
CGA 


T CM 


T„P- 
AGA 


V- 


T„P- 
TGC 


T*P- 
TAC 


T„P- 
GGC 


W- 
GAC 


Inf- 
CGC 


Inf- 
CAC 


T,f- 
AGC 


T„P- 


TGG 


l.iP- 
TAG 


T,J>- 
GGG 


Trf- 
GAG 


CGG 


Trf- 


tnP- 
AGG 


V- 
AAG 


TGT 


W 


T„P- 
GGT 


f«P- 
GAT 


T 12 P- 
CGT 


CAT 


T,jP- 
AGT 


T MT 


TTA 


tca" 


gta 


T,iP- 


CTA 


T„P- 


ATA 


V- 


TTC 


T„P- 
TCC 


T«P- 


T„P- 
GCC 




T„P- 

ccc 


T„P- 
ATC 


T>- 
ACC 


hj>- 
TTG 


T„P- 
TCG 


GTG 


T„P- 
GCG 


T„P- 
CTG 


T„P- 
CCG 


W- 
ATG 


T„P- 
ACG 


l 13 P- 
TTT 


T„P- 
TCT 


T«P- 
GTT 


T,#- 
GCT 


T„P- 
CTT 


TnP- 
CCT 


T„P- 
ATT 


V- 
ACT 


N 














N 












G 


C 


A 




Cy2 


Cy3 


Cy5 















20 
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Extension rea gents for the APEX reaction 
• Dyes: 

Cy2 - ddCTP (equal to fluorescein) 50 

Cy3-ddGTP 50|1 m 

Cy3-ddATP 50u m 

Cy5 - ddUTP (often written as T in many of the reactions and results) 50 uM 
Dye mixes may vary from time to time, use normal stocks of 

50 uM. 



• 10x ThermoSequenaseDNA polymerase buffer (TS): 260 mM Tris-HCI 
pH 9.5; 65 mM MgCI 2 , this buffer does not have high influence on the 
APEX reaction. 

• ThermoSequenase DNA polymerase (from Amersham Phamiacia 
Biotech (APB)) 4 U/ul. If needed dilute with T.S. dilution buffer (=10 mM 
Tris-HCI pH 8.0; 1 mM p-mercaptoethanol, 0.5% Tween-20 (v/v), 0.5% 
Nonidet P-40 (v/v)). 

• KlenTaq X DNA polymerase (WO 92/06188 with the same mutation for 
improved ddNTP incorporation as in Thermosequenase DNA 
polymerase) ~5 U/nl. 

Methods 

Preparation of glass slides before spotting of primer: 

1 . Arrange 25-30 cover slips (24 x 60 mm) in a stainless staining 
tray. 

2. Immerse the tray in glass staining dish with acetone to fully 
immerse slides. 

3. Place the glass staining dish in sonicator for 1 0 minutes. 
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4. Remove the tray from acetone bath, shake off excess of 
acetone and rinse several times (at least twice) in MilliQ water. 

5. Immerse tray in 100 mM NaOH and sonicate for 10 minutes 
(a few more minutes, no problem). 

5 6. Remove the tray and shake off the excess of NaOH and 

rinse several times (at least twice) in MilliQ water. 

7. Immerse tray in silane solution and sonicate for 2 minutes. 

8. Wash slides by immersion in 100 % EtOH once. (Silane and 
silane contaminated EtOH in special container for silane discharge.) 

io9. Dry the tray with the slides in nitrogen with a high velocity 

(without breaking the slides). 

1 0. Cure the slides in a vacuum oven at 1 00 °C over night or until 

they are used for spotting (at least 20 minutes vacuum is not needed). 

is Spotting of oligos: 

All spotting was done with a lab made spotter with 96 parallel 
capacity. Each slide was spotted with three replicas of the primers. 

After spotting the slides were allowed to air dry for 5 to 1 5 
minutes, when dried and marked. They were stored at room temperature, 
20 in a dry place, in the trays until used. Chips can be used for a few weeks, 
probably longer. Arrangements of oligos and sequences see above. 

RAPP amplification 

The RAPD amplification were done according to the 
25 Ready-To-Go RAPD instruction. After 45 cycles (96 °C, 1 min.; 36 °C, 
1 min.; 72 °C, 2 min.), one microliter of the products was tested on a 4-20% 
premade PAGE, before the fragmentation step. 
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Fragmentation of RAP D (DNA fragments products: 

Before RAPX (APEX) can be done all DNA fragments must 
be fragmented so all new fragments can get access to the primer on the 
chip. 

5 

Set up : 

20 jil DNA from RAPD reaction 
0.5 SAP (Shrimp alkaline phosphatase) 1 U/^l 
0.5 uJ UDG (Uracil-DNA-glycosylase, if from PE UDG = UNG) 
10 1 U/kiI NE Biolabs 
Total: 21 ^l 

Incubate 37 °C for 1 hour. 

Inactivate enzymes at 100 °C for 10 minutes. 

The samples can now be frozen and stored until they are used. 

is 

Extension method for the APEX reaction 
Slide treatment: 

Start with washing the slides in hot water (90 - 98 °C, not 
boiling) for 2 x 5 minutes in a 50 ml Falcon tube. When the slides are 
20 ready, remove them from the tube with a forceps and place them on a dry 
heater block at 48°C. The slide (DNA chip) is now ready for adding the 
reactions. 

RAPX reactions set up: 
25 1 . 4 - 5 \i\ DNA from RAPD reaction (or from PCR reaction if an 

APEX slide has been used). Note that the DNA must be fragmented before 
this step. 

2. 3 nl 10x TS buffer (the rest of the buffer comes from PCR and 

UDG cleavage) 
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3. Water to 38 jxl for dry-down method or 1 8fj.l for cover slip 
method. 

4. Heat denature at 100°C for 7 - 10 minutes, target 8 minutes, 
not longer. 

5 5. Spin the tube quickly and add quickly 

6. 1^1 ThermoSequenase DNA polymerase (4U) 

7. 1 nl Dye-mix (up to three dyes at the same time and quick 



spin and load on the slide). 

These three last steps must be done under 1 minute, in order 
10 not to let DNA fragments renaturate. If cover slips are used, each reaction 
needs 20 but the dry-down method is preferred, where all 40 ^1 of the 
reaction is physically spread out over the primer array with help of the tip of 
a pipette tip. 

8. Incubate at 48 °C for 20 minutes with cover slip. 

15 Altenjatively, the so called dry-down method can be used were the spread 
mix is allowed to dry down until no trace of solution is seen. This takes 
about 8 minutes. The signals with cover slips were better and with lower 
background. 

9. Wash with hot water for 2-5 minutes, 2 times. 
20 10. Ready to read on Tl RF instrument. 

Detection 

The detection system is a total internal reflection fluorescence 
(TIRF) , where microscopic slides are placed on top of a prism with oil on to 
25 link a laser beam in to the glass slide. The system has five different wave 
lengths from five different lasers to vary between. In this experiment only 
three were used. To detect Cy2 a laser with 488 nm was used, for Cy3 a 
532 nm and for Cy5 a 635 nm laser was used. Image related software was 
based on Image Pro Plus 3.0. 
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Results 

RAPD amplification 

The RAPD amplification was done with RTG RAPD beads in 
order to use a standardised method for further high reproducibility. The 
5 amplified products were analysed on an ethidium bromide stained 
polyacrylamide gel. The only reference to compare with was the RAPD 
manual from APB with the different primers and the two £ coli stains. The 
expected bands were seen, and correspond very well. In summary, all 
DNA were nicely amplified except the Listeria DNA with primer 1283, which 
10 contained too much broken DNA. 

RAPX reaction with F nnli DNA 

DNA from the two £ coli stains BL21 and C1a were amplified 
and fragmented. The extension reaction is quick to set up and analyse. 
15 The extension can be done in two ways, either with or without a cover slip. 
If a cover slip is used the background is lower and was mainly used in the 
typing reactions, see below. But, in the first set up, the dry down method 
with no cover slip was used, which resulted in some circular shaped 
background. 

20 In the set up of primers positive controls were used, in each 

comer of the matrix a mix of primers were added that always will be 
extended if the DNA polymerase is active. Below the matrix self extendible 
primers for the different bases were placed together with Cy-dyed primers 
for laser control. A self extended primer is a primer that has 
• 25 complementarity to it self or a neighbour, which then can be extended. The 
neighbour is seen in the cases with the 64 primers and the other control 
primers are fold back self extenders. The different pre-labelled primers 
gave expected signals showing that the detector and the imaging system is 
working. Taken together this show that the DNA polymerase is active and 

30 that the system is working perfectly with all positive signals. 
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After RAPD amplification and fragmentation the two E coli 
stains BL21 and C1 were analysed on Primer 2 RAPX chips. The two 
different E coli strains show clearly two different patterns, accordingly 
these two £ coli strains can be separated. Both E coli strains gave four 
5 bands after RAPD analysis on PAA. Each band has two ends with the 
sequence from the primer, the sequence further in is not known. 
Accordingly, totally 8 spots can light up on a RAPX chip. Three panels with 
£ coli DNA have about 13 stronger signals and the control with no DNA 
has five signals, this corresponds well with the expected 8 spots. The 
10 position of the spots can not be predicted unless each fragment is 
sequenced or the whole genome of the organism is sequenced. 

Typing of six Ustem Strain? with RAPX. 

With the good tests with £ coli DNA in mind, the next step 

15 was to test if different patterns can be generated from several different 
strains, six strains from Listeria monocytogenes were then selected. The 
chosen strains had been typed with RAPD and analysed on silver stained 
gels by C. Ko, Hoefer see below, which will make it easier to interpret the 
results from the RAPX analysis. 

20 Before the typing started the following two tests were done, 

firstly check of primer chips for self-extendible primers. Secondly, test two 
different thermostable enzymes, ThermoSequenase DNA polymerase and 
KlenTaqX DNA polymerase. The comparison of different Listeria strains 
was finally done. 

• 25 During the work two different thermostable DNA polymerases 

was used. The majority of reactions were done with ThermoSequenase 
DNA polymerase, but also KlenTaqX DNA polymerase were used. The new 
enzyme KlenTaqX DNA polymerase, which is smaller in size than 
ThermoSequenase DNA polymerase gave stronger signals and lower 
30 background, which also made it easier to assign the base on the extended 
primers. All spots, even the weak ones where informative in the cluster 



WO 99/39001 



PCT/EP99/00918 



-23- 

analysis with elongation with KlenTaqX DNA polymerase, when the 
clusters from Primer 2 and Primer 6 were compared. 

Each sample was analysed two times using two different dye 
mix systems, since not all terminators are available with dyes with 
5 separated spectrum. The two dye mixes were Mix1 : Cy2-ddCTP, Cy3- 
ddGTP, Cy5-ddATP and Mix2:, Cy2-ddCTP, Cy3-ddGTP, Cy5-ddUTP. 
Thus, each sample generated six images, but the assembly of these six 
images gave a pseudo four dye system, by choosing the best of either "2" 
or "4", and "3" or "5" to get C and G extendible primers, respectively. The 
10 A and T (ddUTP) extendible primers are from Cy5-labelled terminators, "1 " 
and "6". 

The next step was to test all Listeria strains in the RAPX 
reaction. It was notable how quick the RAPX analysis is done, even though 
the reaction was done in duplicate, with two different dye mix combinations. 
15 The RAPX reaction takes about 30 minutes, including pipetting, set up and 
reading the images. 

For the analysis of relation between the different strains the 
best of the triplicate signals on each slide were selected. All signals shown 
on the image were scored manually and the extended bases were 
20 assigned. Figure 4 shows all six Listeria strains after analysis with Primer 
6, these samples were extended with KlenTaqX DNA polymerase. The 
same type of data was also generated from Primer 2, but with 
ThermoSequenase DNA polymerase, data not shown. All assigned bases 
were stored in a spread sheet software for cluster analysis, which was 
■ 25 done in two steps. In the first step all assigned bases were converted to 
figures and then a similarity table was calculated. Finally a dendogram was 
calculated as shown in Figure 5. 

When cluster data from a poster made by Chris Ko at Hoefer 
Pharmacia in San Francisco were compared with the data generated with 
30 RAPX, the similarities are seen. Then the dendograms from Primer 6 and 
2 data were compared with the dendogram generated by Chris Ko and 
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were shown to be very similar. The small differences could be explained 
by the use of different primers in C Ko's experiments. 

Conclusions 

The RAPX method is shown to be a quick and accurate 
method. It takes approximately 30 minutes to perform the extension, and 
detection including hands on time and incubations. Different strains can be 
analysed with the RAPX method and the same cluster/groups can be 
identified when compared with ordinary gel electrophoresis. The speed and 
the easiness of the RAPX method guarantee for the future use of this array 
technology in bacterial typing as well as relationship studies of other 
organisms. An array format like this method could easily be highly 
automated. 
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CLAIMS 

1 • A nucleic acid analysis method which comprises:- 

5 a) using a primer to amplify the nucleic acid, 

b) providing an array of probes in which each probe comprises a 

primer sequence that is identical to (or complementary to) the sequence of 
the primer, and an adjacent sequence which is different in each probe of 
the array, 

10 c) applying the amplified nucleic acid from a) under hybridisation 

conditions to the array of b), 

d) effecting enzymatic chain extension of any probe where the 

adjacent sequence matches that of the hybridised amplified nucleic acid, 
and 

15 e) observing the location of probes of the array where chain 

extension has taken place in d). 

2. The method as claimed in claim 1 , wherein the nucleic acid is 
genomic DNA of an organism. 

20 

3. The method as claimed in claim 1 or claim 2, wherein the 
primer is an oligonucleotide primer having 7-40 nucleotide residues. 

4. The method as claimed in any one of claims 1 to 3, wherein 
• 25 the amplified nucleic acid in a) is broken into fragments. 

5. The method of claim 4, wherein a dUTP/uracil-DNA- 
glycosylase system is used to break the amplified nucleic acid into 
fragments. 
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6. The method of any one of claims 1 to 5, wherein the adjacent 

sequence of each probe of the array contains t- 8 nucleotide residues. 

7 - The method as claimed in any one of claims 1 to 6, wherein 

5 different probes of the array occupy different cells on a surface of a 
support. 

8. The method as claimed in any one of claims 1 to 7, wherein 
each probe is immobilised at its 5'-end. 

10 

9. The method as claimed in any one of claims 1 to 8, wherein 
each probe comprises a primer sequence and an adjacent sequence 
positioned at the 3'-end of the primer sequence. 

15 10. The method as claimed in any one of claims 1 to 9, wherein 

chain extension is performed in d) using a polymerase enzyme. 

11. The method as claimed in any one of claims 1 to 1 0, wherein 
chain extension is performed in d) using labelled nucleotides or labelled 

20 nucleotide analogues. 

12. The method as claimed in claim 1 1 , wherein labelled 
dideoxynucleotides are used. 

25 13. The method of claim 1 2 wherein the four dideoxynucleotides, 

each labelled with a different fluorescent label, are used 

14. The method as claimed in any one of claims 1 to 13, wherein 

in step e) a pattern of locations is observed and used to compare nucleic 
30 acids from one organism with those from another organism. 
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15. A nucleic acid analysis kit comprising: 

i) a primer for amplifying a nucleic acid, and 

ii) an array of probes in which each probe comprises a primer 
sequence that is identical to (or complementary to) the sequence of the 
primer, and an adjacent sequence which is different in each probe of the 
array. 



1 6. The nucleic acid analysis kit of claim 1 5 comprising also one 

or more of: 

iii) reagents for amplifying a nucleic acid, 

iv) reagents for fragmentation of an amplified nucleic acid, 

v) and reagents for effecting enzymatic chain extension of 
nucleic acid hybrids. 
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